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CMS /| Carnegie
Motivations o

« Standard Model describes
particle physics well but that Is not
the whole story of our universe

- Higgs mass hierarchy problem
- Gauge unification
- Cosmological and astrophysical problem
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CMS /| Carnegie
# Higgs Mass Hierarchy Problem g iellon

» Consider one-loop correction to Higgs mass due to
Yukawa coupling
« If A\ is the order of the Plank scale, fine-tuning is needed
to bring correction down to the order of m2, ~ (125GeV)?

Wit + O(InA) f
. n.
s HO """""" i

* Suppose we have a scalar partner which also contributes
to one-loop correction
» Quadratic terms cancel, no fine-tuning is needed

.. A7
Am7; = 8;2 A+ O(InA) O

Ami = —
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CMS . . g/[all'lnegie
Gauge Unification Mellon

» Theoretically, one believes that SU(3)c x SU2)r x U(l)y
IS embedded in a larger group known as grand unification.

= Under the framework of Supersymmetry (SUSY), gauge
couplings unify at high energy scale.
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Dark Matter i
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= All cosmological observations indicate the existence of
dark matter

= SUSY particles could be the candidate for dark matter
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Chs, Sk
Supersymmetry University

= Supersymmetry is a symmetry between fermions and
bosons. Q| Fermion) = |Boson)., Q|Boson) = |Fermion)

= Equal fermionic and bosonic degrees of freedom requires
each Standard Model particle and it's super-partner differ by
spin with 2 unit.

= Commutation of SUSY operator and momentum operator
Implies the equal mass between Standard Model particle
and it's super-partner

= Minimal Supersymmetry Standard Model (MSSM) is the
minimal extension of the Standard Model

= No SUSY particle with the same mass as it's SM partner is
observed meaning SUSY Is a broken symmetry if SUSY
exists.
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SUSY-Breaking University

Hidden Sector Messenger
SUSY is broken >
at high energy scale

Messenger SUSY breaking Scale of Gravitino
scale messenger

gauge 10 <M <100 GeV

mediation <107GeV &

gravity ~10"GeV M ~100GeV

mediation pl

anomaly 102GeV iy 10° GV

mediation
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General Gauge Mediation (GGM)

s Gravitino is the lightest SUSY particle (LSP) in GGM
s Consider Neutralino is the next-to-lightest SUSY patrticle (NLSP)
s Neutralino mass eigenstates are mixtures of Bino, Wino, and Higgsinos

s |f R-parity is conserved, SUSY particles are produced in pair

R = (_1)SB+L—‘25

Bino Decays Neutral Wino Decays
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Y Y Simplified Model
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CMS Detector

C M S D et e c t o r SILICON TRACKER

Pixels (100 x 150 pm?)
~1m?  66M channels
Microstrips (50-100pm)
: 4 ~210m? 9.6M channels
Pixels 1.5x10"p, @
Tracker
ECAL
HCAL

Tracker : U/pr ~ 0.5%
Solenoid

0/,
0
/
i

Muons

/ —

STEEL RETURN YOKE
~13000 fonnes

SUPERCONDUCTING /

SOLENOID ; ’
Miobium-titanium coil /
carrying ~18000 A / /

Heal:0/E~ 120% /VE® 5%

HADRON CALORIMETER (HCAL)

Total weight Brass + plastic scintillator

Overall diameter
Overall length

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
76k scintillating PbWO, crystals

Ecal:c/E~ 1-5%

PRESHOWER
-~ Silicon strips
~16m? 137k channels

FORWARD
CALORIMETER

Steel + quartz fibres

MUON CHAMBERS

Barrel:

250 Drift Tube & 500 Resistive Plate Chambers

Muon:o/E ~

len 5 % at 1 Tev Endcaps: 450 Cathode Sirip & 400 Resistive Plate Chambers
Magnetic field
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CNIS _ ) Carnegie
Analysis Overview Vo iy

= Signal:

= Events with two photons, at least one jet, and high missing

transverse energy

= QCD Background:

=~ Main background of this
analysis

<= Direct Y Y production
~ y+ jet, ormulti jets
while jet(s) fake photon(s)

- No true MET events

s ElectroWeak Background:

+ Use control samples to estimate

contributions

=

=

=

WH+y—oev+ty
W+ jet—ev+y

The electron is
misidentified as a photon

Events with true MET

Apply electron mis-
identification rate to control
sample to obtain prediction

11/20/2012
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CMS

Dataset & Triggers

7(M5Tt|ltg rated Lumino ty2011(M 140542 0t301609UTC)

.. -1
- \E = 7 TeV proton-proton collisions data ~ 5 fb

— Delivered 6.095 fb”'
® || — Recorded 5.561 fb~
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s HLT Photon36_CaloldL_Photon22_ CaloldL i
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- CMS F'l’ElII'I'IInaI'y 201 -
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08 __ ............ __ 08 :
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Cs, e L. -
B |dentifications and Event Selections

: Y'Y Sample:
Photons: Electrons: P

leading photon Et > 40 GeV candidate sample

trailing photon Et > 25 GeV
In| < 1.44

identical to photons' ID
but require PixelSeed
81 < M(ee) <101 GeV

ey Sample:

EWK background
estimation

Fake Photons: Jets:

identical to photons' ID
but reverse combined Isolation

ai O_inin

particle flow jets
Et > 30 GeV

n| < 2.6

ff and ee samples:

QCD background
estimation
control samples
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CMS

| Photon Id data/MC Scale Factor [ i,

Eda-ta- data
Y e

Assume MC . MC
"]’ e

Use tag and probe method to

obtain data g :

. e E,EJ 1— |
Atagin ee events must pass e
strict electron criteria while 095+ e L
loose cuts are applied on a o T
probe 0.9:_.__ . Hm:::mg 1 :
All tag-probe pair and pair | D R e T
whose probe passes photon id Number of Primary Vertex
are fitted simultaneously

Edﬂ-tﬂ- daf‘a

i _ _ L=

ic = m = 0.994 £ 0.002(stat.) & 0.035(syst.)

Y €e
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o4l Estimation of MET Background

(Electroweak)

s Fit Zpeakin ee and ey Iinvariant mass spectra to get the
numbers of events, respectively.
s N, (Z—ee) 2f

(

ey — e—y ) B B

N.(Z—ee) (1-f,.,) fo. @ 0014 +/— 0.002(stat.) +/— 0.005(syst.)
fo,

s Scale the MET distribution of ey sample by 1—f. )
e—oy
E F T I T T T T | T T T T I T T T T | T T T T I T T T T I : E [ T I T T T T | T T T T I T T T T | |||||||||| ]
< E CMS Preliminary, 493" 2N spha= 124x001 c - CMS Preliminary, 493fb" 4% sipha = 1.19 B
g40000 - e'e’ sample bkg events = 151094 + 2522 J g 1400 - e san::I“:mary bkg events = 21 580 |
535000 — cb_mean = 90.577 + 0.006 E ...LH 1200= cb_mean = 90.28+0.04  _|
o - Signal + Background cb_sigma = 2.408 £ 0.007 o - Signal + Background ch_sigma = 2.63 * 0.06 -
ESUOOO [~ Background — E 1000 Background ]
0 - = 332+ 0.08 . _Q n= 3f6
E25000F signal events = 473154 + 2564 E - signal events = 13889 + 1564 |
3 - 7 > 800
<20000 = =z -
- . 600 -
15000 - N
10000 = 400
5000 - = 200
0_ VI —— P T S S S ST S [ S S T S Mt b B 0-|||||||||||||||||||||||||||||-
80 85 90 95 100 105 80 85 90 95 100 105
Invariant Mass (GeV/c?) Invariant Mass (GeV/c?)
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Estimation of MET Background
(QCD)

Use both control samples (ff, ee) to estimate QCD MET distribution.

If there is no TRUE MET In the event, the resolution of hadronic activity
In the event will dominate the MET In the event.

Take the di-EM Pt spectrum from candidate sample as a measure of
hadronic activity in the event.

Reweight the shape of MET distribution of control samples by using the
di-EM Pt ratio of candidate sample and control samples.

Normalize the reweighted MET distribution to low MET region ( below
20 GeV) of candidate events.

LA L L D L Y L o

CMS Preliminary, 4.93 fb™"_|

—
o
&

CMS Preliminary, 4.93 fb"

107 & -

Number of Events
S

Number of Events

10 F

10° ¢

107

7II\lll\lll\lll\‘lll‘lll‘lll‘lll‘ LLNNTT _‘I“““““I‘I‘I‘I“‘I L

0 20 40 60 80 100 120 140 160 180 20
0 20 40 60 80 100 120 140 160 180 20 .
diEMPt (GeV) diEMPt (GeV)
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S54) Estimation of QCD Background

using ff sample

."% 1-6 }\ T T | T T ‘ T T | T | T T | LI E .g 1-6 ;I T T T 1T T I;
T = CMS Preliminary, 4.98-fb" . g B CMS Preliminary, 4.93 fb" f
o 1.5 = == 1 Jet Requireme = - | >= 2 Jet Requireme i
% 14 ; fake fake sample é % 1.4 B fake fake sample ]
W 3c + 3 g |
o s 12" -
S R
1.1= + = L + ]
1 _+_ = 1
+ + E -
0.9 + +4 + = 0.8 —— .
08 _f + 1
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-.g 103 :_ T | LI | LI ‘ T T | TT I_:l

g = CMS Preliminary, 4.93 fb™ —

L H 1+ Jet Requirement -

Y— _|
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5 107 =

0 = —---- Before Reweighting e

e —— After Reweighting -

S ]

> L _

10 E

1 = sofs H H H =
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ET" [GeV]
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S54) Estimation of QCD Background

using ee sample

.9 _I T T | T T T | LI ‘ T T T ‘ T T T | T T T LI T T T T T T LI ] -9 F ‘ | ‘ T 1T 7T | | B
& 3 - CMS Preliminary, 4.9 fb" ] E 3.5  CMS Preliminary, 4. fb-‘+ —
— L == 1 Jet Requirement ] — C >= 2 Jet Requireme ]
% 25 } e'e smaple ] % 3 C e'e smaple _:

A —+— i +

5 —~+ ] 2 + —+— =
. ' —— 150 T —
EY E ot -
4 : it E
& - i -
05 ol b bvv v b b b b b L 73 0 5 ;L po v by P by b by b e 4;

0 20 40 60 80 100 120 140_ 160 180 200 "0 20 40 60 80 100 120 140 160 180 200
diEMPt (GeV) diEMPt (GeV)

s Before we can use ee control sample to predict QCD MET distribution,
we need to subtract other contributions with true MET contained in the

sample.
s Use sideband method to subtract ttbar, WW contributions

s Use Monte Carlo samples to subtract Di-boson contributions center
around Z invariant mass : WZ, ZZ processes

18
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CMS

Estimation of QCD Background

using ee sample

 Sideband subtraction method:

Signal region: invariant mass 81-101 GeV
Sidebands region: invariant mass 71-81 and 101-111 GeV
Also apply di-EMPt reweighting to ee sample in sideband regions

Subtract MET distribution of sideband regions from MET distribution of
signal region

% CMS Preliminary \|f§=7';'e‘lul,l_||'|_ldtl=l4.9:; fb'1§
e Di-boson subtraction: O 10ttt Atlozst 1 ot Reauiroment E
(V)] K —&— e Sampile .
o . - : S - ", i zz ]
apply di-EMPt reweighting to MC © ol . — —;
samples w Sideband -
. . . . O B L :
s Normalize to total luminosity using & 10L - _
NLO cross section and subtract E -
MET distributions from MET zZ 4L BRAASSS |
distribution of ee sample - E
10-10| | ‘2|0| | I4|0| | I6|0‘ | I8|0| | ‘l[|)0 | 1&0 14|,0 _I 1(%0 | |180
ET [GeV]
19
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CMS

Result
ET* bins [ GeV | 50-60 60-70 70-80 80-100 > 100
QCD background | 1838+177+125 673+1074+136 154£51+115 94£40+07 101+42+14
EWKbackground | 65+03+22 31402410 22402407 22402408 29+02+10
Total background | 1903+177+127 704+1074137 1764514115 116440410 13.0+42+17
Data 199 63 26 26 11
CMS Ns=7TeV L, =4931" 22y's, 2 1jet
> g\ T | T T ‘ T | T T | T ‘ T ‘ T TT | T ‘ T \g .
Q. gt —+— Data N s Use ff sample as the main QCD
O = W Total Background Uncertainty . . .
~0heee. aco § prediction and take the difference
Sk e commooansomy between ff and ee samples as
|_|>J 10 o, —— GGMyy (1600/1280/375) SyStemaUC error
Y— E e E
o
. % o N
g e
E10'E e L Good agreement between
Z102p (M — | candidate MET distribution and
D R R R background estimates
3 1%%%%%%% . 7
fDU 0 L1 1 | L1 1 ‘ L1 1 | L1 /I L1 1 | L1 1 ‘ L1 1 ‘ L1 1 | L1 1

0 20 40 60 80 100 120 140 160 180

ET [GeV]
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Systematic Uncertainties

Systematic

Uncertainty [%]

Integrated luminosity
Photon Data/MC scale

Jet energy scale

Renormalization scale

PDF error on cross section

PDF error on acceptance

4.5
4
)
4 - 28
4 - 66
0.1-9
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CMS .. : g/[al]'lnegle
Limit Setting Procedure Mellon

s Define likelihood ratio

0 P(observation | signal + background hypothesis)

P(observation | background hypothesis)

Qobs dP.
CLy = Hb(Q<Qd}q)/ e
, Qobs d]:)f}
I, = Pb(Q<QW)/ 010
o |
CL,.=
) 'Ly,

« CL.is <5% --> signal hypothesis is excluded at 95 %
confidence level
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CMS

Interpretations University

Interpret results based on General Gauge Mediated
model

Choose planes in mass space and other SUSY particles
are decoupled

Scan Gluino mass  Squark mass Bino mass Wino mass
Gluino-Squark (bino) 400-2000 GeV 400-2000 GeV 375 GeV 2000 GeV
Gluino-Squark (wino) 400-2000 GeV 400-2000 GeV 5000 GeV 375 GeV
Gluino-Bino 300-1500 GeV 5000 GeV 50-1500 GeV 2000 GeV
Gluino-Wino 300-1000 GeV 5000 GeV 5000 GeV  100-1000 GeV
Wino-Bino 5000 GeV 5000 GeV 50-1000 GeV 115-1000 GeV

23
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CMS,

Compact Muon Solenoid

Limit on Gluino-Squark (bino) Plane

CMS Vs=7TeV L,=493f" >2ys, =1jet CMS  Ns=7TeV Ly =4.931", 227, 21jet
— — — — = = e ‘ T o
= 2000/ | | g 8 o 2000 g
g =036 5 5] - 10 2
= ] = - L S
2 1800 | o34 g,- £ 1800 - 2
= = < =" 4600 ER:
1600 0 0.32 C S
- : - B e
1400 I. 4 03 1400 —10'§
] - [ |
1200 __-0.28 1200 — 1102
1 —0.26 ]
800 4 024 800 =
- 0.22 7 4
600 I 600 1 °
0.2 ]
400 400 10°®
500 1000 1500 2000 500 1000 1500 2000
quuark [GeV] quuark [GGV]
_ _ . , , CMS s=7TeV L, =493f7, 22ys, 21jet
_ CMS \s=7TeV L =493f0", 22vy's, >1jet _ S 2000 T T T TEE ] s
< 2000 el 3 - ) Bino-like 7’ NLSP 1
0] E = = 1800 I m,=375Gev ]
= C 102 ] B i % i
2 1800 E ] - - —— Observed -
> = i o) s 16001 “ Observed +1o theory _|
= 1600 — o C i\ B Expected +1o exp. |
L o 3y =
B i - . . . -
1400 = S Gluino-Squark (bino) ]
[ [} _
L [T 1
1200 — - $ 7 1
B 8 r _
1000 5 1000~ 5
C - d C i
800 i = 800~ -
B . 8 - Excluded ]
600 - 600|— .
: : : | | | ‘ | | | | 1 1 | :
400=_1 . | ol I . B BT
500 1000 1500 2000 500 1000 1500 N fzoo
e
—— quuark [GeV] squark
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CMS

Compact Muon Solenoid

11/20/2012

Mgluino [GGV]

IVlgluino [GeV]

CMS

Limits

Vs =7TeV

on Additional Planes In
Phase Space

L

int

=493, z2ys, =1jet

2000 j T T T T T T T T T T T T T _,
= Wino-like 7" NLSP .
1800 L m, = 375 GeV _]
L —— Observed ]
1600 I Observed 1o theory _|
L == Expected 1o exp. |
1400 =
1200 |
1000 Gluino-Squark (wino)
800 —
500 :_ .................. {
o Excluded | | 1
500 1000 1500 2000
quuark [GGV]
CMS Vs=7TeV L,=4.93f" =2ys, =1jet
1000 T ‘ T T T ‘ T T ‘ T T T ‘ T T T
- Wino-like 7" NLSP .
900 } —— Observed {
C Observed +1o theory 3
800 :— — — Expected 15 exp. —:
700— —
600 S —:
>0 ; Excluded .
L Xclude o .
s000 Gluino-Wino
: 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 ‘ 1 1 ﬂ
200 400 600 800 1000
IIVlwinu [GeV]

IVIgluino [GGV]

IVlwino [GEV]
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CMS \s=7TeV L, =493 22ys, >1jet
2000 [ T T T ‘ T T ‘ T T T T i

[ Bino-like ¥° NLSP ]
1800 -

C — Observed ]
1600~ Observed +15 theory -

I =—— Expected +1c exp. ]
1400~ =
1200 —
1000 =

800 .

 Excluded 2 o

600| Gluino-Bino
400 __I 1 | ‘ | | ‘ | Ia
500 1000
M, [GeV]
CMS \5=7TeV L,=493f0", >2ys, >1jet
1000 :L T T | T T T I T T I T T T I T T T Ai
" Bino-like ¥’ NLSP ]
900 - —— Observed =
800 Observed +1c theory o
' —— Expected +1c exp. .
700— -
600} =
500/ :
400 =
300~ Excluded Wino-Bino
200 -
4 1 T I I [
200 400 600 800 1000
M, [GEV]
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CMS

Compact Muon Solenoid

MNeutraIino [GEV]

11/20/2012

Simplified Model Interpretation

CMS \s=7TeV L, =493fb" 22v's, =1jet
L 0.45§
1800[— = 8
B 1 04 T
1600[— = S
B " <
1400 ||||.. - 0.35
1200 (03
1000 =025 =
C . ] (o)
8001 L - =02 O,
i o : 2
600[ o5 =015 s
400 “n = 3
- =
200F
= ‘ L L | L 1 L | 1 L 1 L
500 1000 1500 2000
Mgluino [GeV]
CMS s=7TeV L, =4.93f", >2¢'s, >1jet
— L L L e 10 =
2 - -
O, 1800 c
o) = 1 i)
5 1600] S
3 N . 107
< 1400[ =10 2
C = o)
r - )
1200f 102
1000~ -
B — 10°
800 =
600 10
400§
10
200

‘ Ll
500 1000

1500

2000
Mgluino [GeV]

1800
1600
1400
1200
1000
800
600
400
200

CMS s=7TeV

L, = 4.93

fo!, =29's, =1jet

T T I T [ T T T[T T T TTT [ TT T TT T [T T T[T TT T T
| | | | | | \ \ |

SMS bino-like 7’
—— Observed
+15 (theory)
- Expected

+1o (experiment)

| 1 1 1 k" if 1 1 ‘ 1 1 1 1 —1
500 1000 1500 2000
Mgluino [GGV]

103

10

95% CL cross section upper limit [pb]
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Q% Interpretation on Universal Extra

Dimensions

= SM particles can propagate in the additional dimensions
--> production of a pair of Kaluza-Klein (KK) towers

» KK particles make cascade decay to lightest KK particle
(LKP), which is the KK photon

« Assume the UED is embedded in a space of additional
n Large Extra Dimensions where only gravitons
propagate

’ y*—>y + Graviton

= KK photons decay gravitationally resulting Di-Photon +
missing Et in the final state

11/20/2012 Yueh-Feng Liu 27



CMS /! - . Carnegie
Mell
| Limit on UED tellor

CMS Vs=7TeV Ly =4.93fb7, 227, 21jet
T T T T | T T T T | T T T | T T T T

—
=)
w

T T TTTTH
L1 lidy

UED Limits forn =6
= Observed
== Expected +1o exp.

-
=]
)

— = Expected +2 ¢ exp.

- Theory

—

95% CL cross section upper limit [fb]
S

| | | | | | | | | | | | | |
1200 1300 1400 1500 1600

1/R [GeV]

107

*nN =06, 1/R <1380 GeV Is excluded
snNn=2,1/R <1350 GeV is excluded
s Most strict UED limit to date
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University

Search for Supersymmetry in Events with
one Photon, Jets and Missing Transverse
Energy

Wy Simplified Model

11/20/2012 Yueh-Feng Liu 29



cMmS, . - Nismegie
Single Photon Analysis University

d . A (Use Photon-HT trigger to catch signals\
» Background: Selections:
- QCD » Selections:
L Bl remealk =~ Photon Pt > 80 GeV
= ~ >

\ > \* >= 2 Jets >

= Analysis strategy and identification criteria are very similar
to di-photon analysis

= weight the control sample from data (fake photon) to
estimate QCD background

= Apply electron misidentification rate to the control sample
from data (electron) to estimate electroweak background

« |ISR/FSR (W/Z/tt) contributions are determined directly
from Monte Carlo samples

11/20/2012 Yueh-Feng Liu 30



CMS

Results and Interpretation

EISS bins [GeV] 100-120 120-160 160-200 200270 270-350 > 350
QCD (from data) 262 +37 173 £27 82424 55414 29411 6.8+4.2
e— 7y (from data) 45419 6.0£25 32+13 23+1.0 08404 0.4+02
FSR/ISR (W,Z7) 474+13 82+1.8 55+15 54+13 4.0%13 1.7=+09
FSR/ISR (tt) 0.6 £t03 1.7+£06 09404 05404 04+03 <0.01
Total SM estimation | 272 £37 189 27 91 +24 63414 34 +11 8.8 £4.3
Data 283 199 70 39 20 4
> T |C\I\VI|S\’| |\{_|\ ||7\-||-e|\\l| TTTTT] |\_| \ﬂ\r |6\2\wa |1|>|1|?'|>|2\ Jl?tﬁ TS - (I:MS I\r 7T9V | |_Iint = 4.I62 fb 1| 2|1T,| 22ljetS _
D1 06 e Data 7 Total SM bkg % 1800\ |SMS wino-like iul | ﬁ ﬁ‘—
O 5 v/QCD ey ] O F — observed AT
~10 WiZ y i E 21600~ -~ Observed 1o theory 43 E
) 1 04 1 b % - === Expected S b
§103 *%, GGM m_/m /m . [GeV] _i 2‘14003_ v Bipectedtloep. - %
uLlj 102 ".. — 2500[800!650 —1250!12001375 1200;— — = 10" §
S 1o ."2/.// _ 1000 =
é 1 7/‘//3///// s = 80 Df_ _f : 3
510" z - | <102 3
: 600F 4 41020
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CMS

Limit on GGM Model

CMS {s=7TeV L, =462 " 2,22 jets
T T T

. - . BN | skt HL CMS \s=7TeV L, =4.93f" =2ys, >1jet
> N | Wino-like ¥’ NLSP § > 20000 g7 T T
QO 1800 B ¢ m. = 375 GeV — 8 - Wino-like 7’ NLSP :
2 L \ == (Observed . = 1800 L m, = 375 GeV -
E.% 1600— \ - Observed +16 theory _ £ C — Observed ]
B \ = = Expected 1o exp. i §m 1600 __ e Observed 1o theory |
1400 \ - N = Expected +1cexp. |
f W\ 1 1400 -
1200~ W\ Gluino-Squark (wino) 12001 \ ]
1000 — . Gluino-Squark (wino)
- < ] 1000 & .
800— — _ - ]
C Excluded = —_—— 800— ]
600 - - ]
- ] 600] - =
X - = Excluded -
40 1 1 ] ] | 1 1 ] ] | 1 ] ] | ‘ ‘ | | ‘ | | | | ‘ | |
500 1000 1 5°°M 500 1000 1500 2000
squark [GEV]
quuark [GGV]
Single Photon Analysis Di-Photon Analysis

= Single photon analysis improves CMS's sensitivity in wino-like case
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CMS E/[al]'lnegie
Summary elion

We have completed a search for GGM SUSY with di-
ohoton final state using all of 2011 CMS data.

« Data-driven methods were used to estimate dominate
packgrounds.

We observe no excess beyond Standard Model.

We set 95% CL upper limits on cross sections and
exclude gluino and squark masses below

~1TeV (bino-like neutralino)
~600 GeV (wino-like neutralino)
~1 TeV (simplified model)
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CMS/|

|dentification Detalls

s Photons :
-~ In barrel region (|Etal < 1.4442)
= |eading photon Et > 40 GeV, trailing photon Et > 25 GeV
-~ combined Isolation (DR0O3 cone) < 6 GeV

- H/E <0.05

- o. . <0.011 ZSXE -u.r-(-'r- — 1) r)z E.
mnin 92 L i AN DX D P . A~ 1

~ No PixelSeed Tinin = & w; = max(0,4.7 + [”Es,xs)

+ r9<1.0 "

s Fake Photons:

= |dentical to photons but reverse combined Isolation
(6 < Combined Isolation < 20 GeV) OR

- 0.011<0, ... <0.014 ( Combined Isolation < 20 GeV)

inin

s Electrons :
- |dentical to photons but requiring PixelSeed
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CMS/ |dentification and Event Selection

Detalls

s Jets:
- AKS5 L1FastL2L3 corrected PFJet
- Pt > 30 GeV/c
- |Eta| < 2.6
= Neutral Hadron Fraction < 0.99
= Neutral EM Fraction < 0.99
-~ Number of Constituents > 1 ~ Ndof >4
- Charged Hadron Fraction >0 ~ fabs(z) <24 cm
~ Charged EM Fraction < 0.99 ~ fabs(rho) <2 cm
-+ Charged Multiplicity >0
-+ dR between photons and jets >= 0.5 if require
1+jet
= Jet cleaning cone size dR =0.5

s Primary Vertex Selection:
Requiring at least one primary vertex
- Not fake

s Selected EM objects must be separated by dR > 0.6
s For no jet requirement case, dPhi between selected EM objects > 0.05
s Apply invariant mass 81- 101 GeV cut to ee sample
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CMS

Pile-up Compensation

: ISOlatlonECAL,compensated = ISOlatlonECAL_ pXAECAL,Eff
‘ ISOlatlonHCAL,compensated = ISOlatlonHCAL_ pXAHCAL,Eff

s P average energy per unit area deposited in calorimeters for each

event

c 5 T c = .
g o - 2 18- 3
= - x2/ndf = 40.07 /30 - S g0 | x/nd 51.51/29 3
) ~ N 2 C -
7 4- 1po 0.515+0.002 e T 145 |0 0.1951+0.0014 =
S - ] <120 |p1 002808 + 0.00020 =
O 3 | pl  0.093+0.000 7 O - - +0. .
L = ** - T 1= .
% C | @ a =
g ; ; g 0.6? =
< - = < 04- -
. ] 0.2 =

L - - [ —

0 | Ll IR R R R, | I D I D T

o 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35

Rho (E_/ unit area) Rho (E_ / unit area)
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S, Carnegie
il Optimization of Upper Isolation Cut | Yelion’

Ve 4 | | | "
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0 :I 1 | L1101 | | I T | | | L 111 ‘ | | | L1101 | L1111 | | T | T:
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Upper Cut of Combined Isolation (GeV)
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CMS

Compact Muon Solenoid

Other Distributions
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CMS

Compact Muon Solenoid

Di-Photon Analysis 8 TeV Results

2
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